OBJECTIVE -To determine the prevalence of diabetes and glucose intolerance and their relationship with risk factors in Adana, a southern province of Turkey, where risk factors are more prominent, probably because of social and economic reasons.
T ype 2 diabetes is recognized as a major global health problem, and its prevalence has been rising around the world (1) . Individuals with diabetes have an increased risk of developing significant end-organ damage such as retinopathy, nephropathy, neuropathy, and cardiovascular disease (2) . Tight glucose control delays many of these complications in patients with diabetes. Typically, it has been an asymptomatic disease for many years and about half of diabetic individuals are unrecognized (3). Type 2 diabetes is usually only recognized 5-12 years after hyperglycemia develops (4) .
The prevalence of diabetes varies widely between populations, reflecting differences in both environmental influences and genetic susceptibility (5) . In Turkey, there have been a number of population-based studies of diabetes prevalence, and screening programs started in the 1940s. Nearly 1 million subjects have been screened to date, but because of different methodologies and lack of standardization between studies, considerable variations in diabetes prevalence have been reported, even in the same area (6 -8) .
The objective of this study was to determine the prevalence of diabetes and glucose intolerance and their relationship with risk factors in Adana, a southern province of Turkey, where risk factors are more prominent, probably because of social and economic reasons.
RESEARCH DESIGN AND METHODS -
The study was conducted in 18 (9 urban and 9 rural) areas in Adana. The study population included randomly selected nonpregnant adults 20 -79 years of age. Areas and study subjects were randomly selected from the electoral roll, which was taken from the National Statistics Institute. A written invitation was sent ϳ2 weeks before the survey to officials of the villages or quarters. A total of 2,000 subjects (900 men and 1,100 women) were invited to participate in the study. Of those, 1,637 subjects (607 men and 1,030 women) participated. The response rate was 78.6% for men and 93.6% for women. All subjects gave informed consent, and the study protocol was approved by the Baskent University Internal Review Board.
Between 7:00 and 10:00 A.M. each day, ϳ100 individuals were invited to the health station after an overnight fast. Anthropometric and demographic data were obtained for each subject. Age, sex, and personal and family history of hypertension, coronary artery disease, and diabetes were recorded for all subjects. Weight, height, and waist circumference were measured for each subject; BMI and visceral obesity were determined from these parameters. Body weight and height were measured while subjects wore light cloth-ing without shoes. BMI was calculated as weight (in kilograms) divided by the square of height (in meters). Subjects with a BMI Ն25 kg/m 2 but Ͻ30 kg/m 2 were classified as overweight, and those with a BMI Ն30 kg/m 2 were classified as obese. Waist circumference was measured with a soft tape on standing subjects midway between the lowest rib and the iliac crest. Visceral obesity was defined as a waist circumference Ͼ88 cm in women and Ͼ102 cm in men. Systolic blood pressure (sBP) and diastolic blood pressure (dBP) were measured twice in the sitting position after a 15-min rest, and the mean was taken in all cases. Hypertension was defined as sBP Ն140 mmHg, dBP Ն90 mmHg, or the use of antihypertensive agents.
Blood samples were drawn after 8 -12 h fasting for the measurement of lipid profile (total cholesterol, HDL cholesterol, and triglycerides) and fasting glucose levels. A 75-g oral glucose tolerance test (OGTT) was performed in all nondiabetic subjects. Samples for the measurement of plasma glucose were drawn at 0 and 120 min during the OGTT. They were centrifuged, and plasma was transferred to separate tubes, transferred immediately to the laboratory in cold boxes filled with ice (2-8°C), and analyzed on the same day. Levels of plasma glucose, total cholesterol, HDL cholesterol, and triglycerides were determined by the enzymatic spectrophotometric method using an Aeroset autoanalyzer (Abbott Laboratories, Chicago, IL). Reagents were supplied by the same manufacturer. LDL cholesterol and VLDL cholesterol levels were calculated by the Friedewald formula.
Diagnosis of diabetes was based on plasma glucose values using the 1999 diagnostic criteria recommended by the World Health Organization (9). Subjects with a fasting plasma glucose (FPG) Ն7 mmol/l and/or a 2-h plasma glucose Ն11.1 mmol/l were classified as having diabetes. An FPG Ͻ7 mmol/l and a 2-h plasma glucose Ն7.8 mmol/l and Ͻ11.1 mmol/l indicated the presence of impaired glucose tolerance (IGT). Impaired fasting glucose (IFG) was defined as an FPG Ն6.1 but Ͻ7 mmol/l and a 2-h plasma glucose Ն7.8 mmol/l. Normoglycemia was considered to be an FPG Ͻ6.1 mmol/l and a 2-h plasma glucose Ͻ7.8 mmol/l. Subjects were also considered to have type 2 diabetes if they reported a previous history of diabetes diagnosed by a physician and had an FPG Ն7 mmol/l or if they used of antihyperglycemic drugs, regardless of their FPG concentrations.
SPSS for Windows (version 9.05; SPSS, Chicago, IL) was used for data management and statistical analysis. The categorical variables are given as percentages. Relations among different groups and variables were analyzed with the 2 test or Fisher's exact test where appropriate. Stepwise logistic regression analysis was performed to determine the association of independent risk factors with type 2 diabetes. Age, sex, history of smoking and alcohol intake, family history of diabetes, BMI, waist circumference, hypertension, and total cholesterol, HDL cholesterol, and triglyceride levels were included as covariates. A P value Ͻ0.05 was considered statistically significant.
RESULTS -The crude prevalence of diabetes was 12.9% in men and 10.9% in women (P ϭ 0.207). Total prevalence of diabetes was 11.6%. The screening process identified previously undiagnosed diabetes in 4.2% of individuals and newly diagnosed glucose intolerance (consisting of IGT and IFG) in an additional 4.3% of subjects. Frequencies of diabetes in urban and rural areas were similar (11.7 vs. 11.5%). Diabetes, IGT, and IFG increased with age. Their distribution according to age groups is shown in Table 1 . The prevalence of diabetes showed significant association with increased age (P Ͻ 0.0001).
The prevalence of hypertension was 26.4% among men and 36.6% among women (P Ͻ 0.0001). Total prevalence of hypertension was 32.9% (21.0% previously known and 11.9% newly diagnosed). The frequency of hypertension was higher in diabetic subjects (Table 2) . Subjects with hyperglycemia (IFG, IGT, and diabetes) had a higher prevalence of hypertension than subjects with normal glucose tolerance (52.1 vs. 29.1%; P Ͻ 0.0001). In the present study, the prevalence of obesity was 43.4%. Of the sub- jects with hyperglycemia, 27.2% were overweight and 61.3% were obese, and of the subjects with normal glucose tolerance, 36.3% were overweight and 40.0% were obese (P Ͻ 0.0001). In regression analyses, age (P Ͻ 0.0001), sex (P Ͻ 0.002), BMI (P Ͻ 0.002), waist circumference (P Ͻ 0.0001), hypertension (P Ͻ 0.0001), family history of diabetes (P Ͻ 0.008), and triglycerides (P Ͻ 0.0001) were independently associated with diabetes (Table 3) .
CONCLUSIONS -This study provides the first representative, populationbased estimates of the prevalence of diabetes and other categories of glucose intolerance in Adana using the 1999 diagnostic criteria recommended by the World Health Organization. Abnormal glucose tolerance affects nearly 16% of the population aged 20 -79 years. Diabetes affects 11.6% of subjects, and the prevalence of diabetes increases by age in subjects aged 20 -69 years. This rate is considerably higher than findings of the previous study conducted in Adana, Turkey, from September 1997 to March 1998 (10) . In that study, they found the prevalence of diabetes in Adana was 8.8% (known 6.1% and previously undiagnosed 2.7%) and IGT as 5.6% (I. Satman, personal communication). The highest rates for diabetes and IGT were in the southern region (8) . In our present study, we found previously undiagnosed diabetes in 4.2% of the subjects, which is higher than in the study mentioned above. In that study, they did not use fasting glucose to diagnose diabetes; in this respect they probably have underestimated the prevalence of diabetes. In our present study, we found previously undiagnosed diabetes in only 2% of the subjects according to 2-h blood glucose results alone (unpublished data). The results of previous studies (10 -14) have clearly shown that fasting and 2-h glucose criteria do not identify the same group of individuals. Young and obese subjects and men are more likely to have diagnostic fasting glucose values than diagnostic 2-h glucose values (10 -14) . Postload hyperglycemia mostly reflects impaired insulin response to glucose load; however, fasting glucose mostly reflects hepatic glucose production. In the Diabetes Epidemiology: Collaborative Analysis of Diagnostic Criteria in Europe study (13) , 33% of subjects with a fasting glucose Ն7.0 mmol/l had nondiabetic 2-h glucose values. The prevalence of IGT was 2.8% in our study and 5.6% in the Adana section of the Turkish Diabetes Epidemiology Study (TURDEP) study; perhaps they had misdiagnosed some diabetic subjects as normal or IGT. These findings lead us to think that the TURDEP study underestimated the number of subjects with diabetes in Adana.
According to our study, 43.4% of subjects are obese and 32.9% are hypertensive. It appears that obesity, hypertension, and glucose intolerance have become very common in our region.
Because of geographical setting, Adana is influenced by the Middle East civilization for social, economic, and sociocultural views. A high prevalence of diabetes has also been noted among populations in the Middle East. Using the new criteria, 16.1% of adults in Oman, 10.6% of Kuwaitis, and 14.5% of Lebanese and 26.2% of Iraqis living in the U.S. have been diagnosed as diabetic (15) (16) (17) . A high prevalence of diabetes has also been reported in Turkish Cypriots living in northern Cyprus and among Turks living in Germany (18, 19) .
The prevalence of undiagnosed diabetes in previous studies (3, 7, 17, 20, 21) has been shown to be nearly equal to that of diagnosed diabetes. Multiple factors, such as lack of access to and use of health care, physician practices, and culturally related health care practices and beliefs, may play a role. In the present study and some previous studies (6, 8) conducted in Turkey, the prevalence of diagnosed diabetes was higher than undiagnosed diabetes. This difference might depend on the interest of participants or the effect of education programs carried out in our country.
In contrast to previous studies (15, 22) , frequencies of diabetes in urban and rural areas were similar. The similarity in urban and rural areas, as in the TURDEP study, may reflect the effects of lifestyle changes in rural areas in our region. Prevalence of obesity is increasing and being seen at younger ages than in the past (21, 23, 24) . Obesity and lack of physical activity (results of modernization) are closely related to diabetes and have been observed to have increased in many countries (even in rural areas), including Turkey, over recent decades (15, 21, (25) (26) (27) .
Interestingly, in contrast to our expectation, we did not find a statistically significant difference between the prevalence of diabetes in men and women. Regarding the prevalence of diabetes, AlLawati et al. (15) in Oman and Riste et al. (20) in different ethnic groups in Britain also did not find any significant difference between men and women. In the TURDEP study (8) , prevalence of diabetes was higher in women than in men. However, as we mentioned above, they did not measure FPG and isolated fasting hyperglycemia is more common in men than in women (13, 14) . The TURDEP study may have misdiagnosed some men with diabetes as normal or IGT. In our region, risk factors independently associated with the high prevalence of type 2 diabetes are age, male sex, obesity, high triglyceride levels, and family history of diabetes. BMI and waist circumference indicated an android type of fat deposition. It is well known that obesity, especially visceral abdominal fat, increases the risk of developing type 2 diabetes and IGT (23, 25) . Age, BMI, android-type obesity, hypertension, triglycerides, and family history of diabetes were also independently associated with diabetes in previous studies (6 -8,14,17,20, 21,23-25) .
In conclusion, the prevalence of diabetes in Adana, a southern province of Turkey, is higher than expected in both urban and rural areas. Obesity and hypertension also seem to be common metabolic disorders in our region. Age, hypertension, obesity, high triglyceride levels, and family history of diabetes are independently associated with diabetes. Therefore, primary prevention through lifestyle modifications may have a critical role in the control of diabetes.
